Objectives : HT070 is a mixture of herbal extracts from root of Scutellaria baicalensis and stem bark of Eleutherococcus senticosus, which have long been used for stroke therapy in traditional Korean Medicine. The purpose of this study was to investigate the neuroprotective effects of HT070 on global cerebral ischemia and its potential mechanisms.
Ⅰ. Introduction
Global cerebral ischemia generally occurs during cardiac arrest or severe systemic hypotension that hinders the supply of oxygen and glucose to the brain for short periods of time. It causes a slow development of cell death in brain neurons, leaving patients with memory, learning and motor deficits 1, 2) . The pathophysiology of cerebral ischemia is complex and involves numerous processes, including energy failure, ionic imbalances, acidosis, excitotoxicity, inflammatory pathways, increase of free radicals and disturbance of protein synthesis 3) . Numerous neuroprotective agents that antagonize the injurious events have been identified in animal studies but most of them have failed to provide protection in clinical trials 4) . immunomodulating and anti-hyperlipidemic effects 6) .
The active components of Scutellariae Radix are flavonoids; the three major flavonoids are baicalin and its aglycone baicalein, and wogonin. Eleutherococci Senticosi Cortex, also called 'Siberian Ginseng', has been reported to possess anti-oxidant, anti-diabetic, anti-fatigue, immunomodulating and anti-cancer effects 7) . It is rich in eleutherosides, especially eleutheroside B and E, compounds that are responsible for its diverse pharmacological activities 8) .
Scutellariae Radix and Eleutherococci Senticosi
Cortex have a long history of use in stroke prevention and therapy 9) and have been intensively studied as neuroprotective agents in a variety of experimental brain injury models 7, 8, 10) . Previously, our group found that Scutellariae Radix and Eleutherococci Senticosi
Cortex had protective effects against hippocampal cell death on global cerebral ischemia in rats 11, 12) . Baicalin, a major flavonoid in Scutellariae Radix, attenuates global cerebral ischemia/reperfusion injury in gerbils by increasing the activities of anti-oxidative enzymes, such as superoxide dismutase and glutathione peroxidase, and non-enzymatic scavenger glutathione in hippocampus 13) . Baicalein, the most effective antioxidant among major flavonoids of Scutellariae Radix in in vitro neuroprotection assay 14) , increases the activities of antioxidant enzymes in chronic cerebral hypoperfused rats 15, 16) . 
Sample preparation and HPLC analysis
The root of S. baicalensis and the stem bark of E.
senticosus were extracted separately with water for 2 h at 100 ℃ in a reflux apparatus for two times. 
Animals
Male 
Induction of transient global cerebral ischemia and sample treatment
Transient global cerebral ischemia was induced using the four-vessel occlusion (4-VO) model described by Pulsinelli and Brierly 19) . Briefly, under anesthesia with 2% isoflurane in 70% N2O/30% O2, the vertebral arteries were electrocauterized and both common carotid arteries were isolated using a loop of thread. On the following day, both common carotid arteries were occluded with aneurysm clips to induce global cerebral ischemia. After 10 min of occlusion, the aneurysm clips were removed to allow reperfusion.
Rats displaying loss of righting reflex and with bilateral pupil dilation were included in the study. Rats which developed seizure activity during or after ischemia were excluded from the study. Rectal temperature was maintained at 37 ± 0.5 ℃ until 6 h after ischemia. Rats were randomly allocated to three groups: sham-operated, control (rats with 4-VO and 
Histology
Seven days after global cerebral ischemia, rats were anesthetized and perfused transcardially with heparinized 0.5% sodium nitrite saline, followed by 4%
paraformaldehyde. Brains were removed, fixed and cut into 30 μm sections on a sliding microtome (Microm HM 440E, Walldorf, Germany) and the sections were stained with cresyl violet (CV). Neuronal density in hippocampal CA1 region was measured according to the method described in our previous study 12) . Viable 
Cell culture
Rat pheochromocytoma cells (PC12) purchased from Korean cell line bank (Seoul, Korea) were maintained in Dulbecco's modified Eagle's medium (DMEM), supplemented with 10% fetal bovine serum, 100 U/mL penicillin, and 100 μg/mL streptomycin (all Gibco;
Thermo Fisher Scientific, Inc., USA) in a humidified atmosphere of 95% air and 5% CO2 at 37°C. All experiments were carried out 24h after the cells were seeded. Table 1 . 
Analysis of cell viability

Statistical analysis
All data were expressed as mean ± SD. One-way ANOVA followed by Tukey's test was used to compare the differences between multiple groups, and Student's t-test was used for two groups. Statistical significance was set at P < 0.05.
Ш. Results
HPLC Analysis
Three dimensional HPLC chromatograms and the structures of the constituent compounds are shown in 25) . In accordance with a previous study 26) , our current study showed a remarkable decrease Baicalin and baicalein, the major active flavonoids in Scutellariae Radix, have been reported to modulate the expression of Bcl-2 family proteins and block the caspase cascade in H2O2-induced PC12 cells 27, 28) .
Effects of HT070 on PC12 cell viability
These studies support our suggestion and indicate that flavonoids in HT070 are responsible for the modulation of apoptosis-related gene expression.
iNOS and COX-2 are known to play pivotal roles in the generation of free radicals in ischemic stroke 29) and free radicals themselves can increase and/or induce the expression of iNOS and COX-2 [30] [31] [32] . Increased iNOS after cerebral ischemia serves as the major source of nitric oxide (NO) production and NO reacts with most free radicals with one unpaired electron 33) .
Reaction of NO with superoxide anion leads to the production of peroxynitrite (ONOO -), a highly reactive oxidant with neurotoxic actions 34) . COX-2, possessing two active sites, catalyzes two key steps in the conversion of arachidonic acid (AA) to prostaglandin H2 (PGH2). The first active site utilizes two oxygen molecules to form the hydroxy endoperoxide prostaglandin G2 (PGG2) from AA. Subsequently, PGG2
is converted to PGH2 by peroxidative reduction in the second active site. This peroxidase activity of COX reduces PGG2 to PGH2 by removal of oxygen, which may be a source of oxygen radicals 35, 36) . It has been demonstrated in PC12 cells that iNOS and COX-2 mRNA levels are increased subsequent to H2O2 treatment [37] [38] [39] and iNOS-specific inhibitor blocks H2O2-mediated apoptosis in PC12 cells 40) . In addition, it has been demonstrated that COX-dependent neuronal death proceeds via superoxide anion generation 41) .
Results of the present study showed that H2O2 increased 
Ⅴ. Conclusion
This study addressed the neuroprotective effects of HT070 after global cerebral ischemia and the possible mechanisms underlying neuroprotection. The summary of results and conclusion are as follows:
1. Oral administration of HT070 significantly increased neuronal density in rat hippocampal CA1 region following four-vessel occlusion.
2. HT070 exerted protective effects against H2O2-induced cytotoxicity in PC12 cells.
3. HT070 restored the down-regulated Bcl-2 mRNA level and up-regulated Bax, iNOS, and COX-2 mRNA expression in H2O2-treated PC12 cells.
Taken together, HT070 protects against against delayed neuronal death after global cerebral ischemia and its neuroprotective effects might be achieved at least in part by the inhibition of mitochondrial apoptosis and reduction of the expression of ROS-generating enzymes. With a long history of human use, HT070 has potential for neuroprotection in global cerebral ischemia.
